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L A seagomg vessel 1S stablllzed by a passwe system in- o
-cluding tanks -symmetrically disposed ‘on the vessel
ST -]'f"'_-j;.,below the water line. The tanks are connected by a
T - B63B 39/00 - conduit and pressurized with air to a selected pressure

L - ':_"flevel Durmg each oscillatory roll and/or pitch cycle of

" the ‘'vessel, the tanks alternately fill and drain with se-
lected volumes of water to reduce the righting moment -~
“of the vessel. The period .of" oscillation of the vessel is

_thus lengthened beyond the perled of wave metlon

_— ___"‘1'-:-3‘_'-'2.""Clﬂ_i._l!_ls," 3 ,p;_ammg'l _'Figares. ._. o
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| --"";'.s1ens than vertical dlmensmns The bottom pcrtlon of

each tank is substantially open to the sea to permtt sea

4 water to rapidly fill and drain from the tanks in short’ :

B -" - ':'jjtune periods which are generally much shorter than the

CROSS REFERENCE TO RELATED
" . APPLICATION =

Thrs isa dwrsmnal of the apphcatton entltled “Sys-

o ~ tem for Stablhzmg a Floatmg Vessel”, Ser. No. 028,059,
~ filed by Gunnar B. Bergman on Apr. 9, 1979, now U.S.
- Pat.-No. 4,261,277, which was a contlnuattcn of the
L s e applrcatlcn entitled, “System for Stabilizing a Floating |
Cooelers 0 Vessel”, Ser. No. 831,894, filed by Gunnar B. Bergman
... on Sept. 9, 1977, which was a continuation-in-part of
~ the apphcatlon entitled, “System for Stabilizing a Float-

10

period of natural oscillatory motion of the vessel. An-
“open conduit interconnects the tanks to prcwde acon-.
tinuous air passageway between them. An air pump is
“coupled to the conduit to presurize the tanks to a prese-
lected  pressure level for selectably controlling the
_water levels in. the tanks durlng cscﬂlatcry wave mo- -

tion. -
In Operatlon, the water tanks alternately fill and drain

“in synchronism with oscillatory wave motion. For ex-

s ample, as the vessel tends to roll clockwise on its central

ing Vessel”, Ser. No. 787, 756, filed: by Gunnar B. Berg-— -

et -:ff'_jman on Apr. 15, 1977, now U.S. Pat. No. 4,140,074.

BACKGROUND OF THE INVENTION i
Seagcmg vessels are reqmred in var1ous ‘types of

N offshore operations, including scientific surveys and oil

and gas drilling and production. Such vessels are typi-

. cally conﬁgured as drtllshlps barges and Jaek-—up rlgs as
. .well as supply and service ships. |

Both active and passive technrques have been prc-

~ posed for damping the natural oscillatory dlsplacement

- of vessels to achieve roll and pitch stabilization in seas

“having: perzcdlc wave motion. Such techmques have

- utilized water tanks on the vessels and various arrange- -
~ments of blowers, pumps, valves, valve actuators, roll.

- and prtch sensors, and electronic control circuits for

~ moving water in the tanks to counteract oscillatory.roll

- -lcngltudma] axis, the tank on the right side of the vessel

- will quickly fill through its large bottom opening. Airis

20
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and pitch motion. A common objective of heretofore

known systems has been to make the natural frequency

. of csc1llatcry flow of water in the tanks approximately
T -'_the same . as the natural frequency of oscillations of the
Sl vessel, thereby to “tune’’ the tanks to-the vessel. Once -

HICOAETY ;;f.;_;;52_-;-.;S'g;f.___",.?fvessel ‘The forces produced by the water in the tanks
S then tend to. counteract the rell and pltCh forces on the- |

| - vessel. o ST e e

o Pl‘lOI’ systems that attempt to- achleve stablhzatlcn in
~+ the manner described above have the disadvantage that =
. large counteracting, damping forces must be produced
~°  in order for the system to be effective. The equlpment
| T_requrred to prowde the large counteractmg forces is

- complex and expensive. In active systems, high power

~ blowers and pumps are typically required. Passive sys-
 tems- generally . require high-capacity valves, special

- | stablhzmg tank ccnﬁgurattcns and control ClI‘GllItS fcr B
- timing the flow of water in the tanks. '

~ SUMMARY OF THE INVENTION
The present tnventrcn prcvrdes stablhzatlcn cf a sea-

- going vessel with a passive system which does not rely_'
~.on the use of: tanks having a natural period which is
| substantlally the same as the natural oscillatory period
- of the vessel to produce large counteracting forces that
“damp the angular motion of the vessel. Instead, tanks

" ment of the vessel as described below.
| - In accordance with illustrated embcdlments of the
N 1nventlcn water tanks are disposed on opposite sides of -
~“the lcngttudmal axis of symmetry of the vessel. The
~ tanks are located below the water line, preferably on or -
- near the bottom of the hull of the vessel. The tanks have
. a shallew ccnﬁguratlon, with larger hcrlzcntal dlmen-.'_-

35

forced out of this tank through the conduit and into the:
tank on the left side of the vessel The increased air

volume in the left tank rapidly forces water out of it. As

the vessel tends to roll counterclockwise, the left tank
- fills and the right tank is forced to drain under the fcrce- R

of the air pressure in the system. .
~ The present invention acts to reduce the rlghtlng

, 5'- moment of the vessel in a periodic sea. For example as
" the vessel tends to roll in one direction, the system

' reduces the tendency of the vessel to restore itself to an

upright position. The reduction of the righting moment

‘lengthens the period of oscillation of the vessel beyond

the wave period of the sea. This in turn substantially
reduces the amplitude of the rcll

: DESCRIPTION OF THE DRAWINGS

FIG. 1is a side view of a vessel illustrating one em-

. bodiment of the stabilizing tanks of the system con-
< structed acccrdlng tc the prmczples of the present m- L

L ventlcn

. tuned, the: damping ‘action is achieved by causing the .
e flow pattern of water-in the tanks to be approximately. =

40
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FIG.2isa bottom view of the vessel cf FIG 1 111us- S
S tratlng the location and coupling of the stablhzmg tanks. R
“FIGS. 3A-3D are diagrammatic end views of the =

- vessel of FIG. 1 1llustrat1ng alternative embodiments of
- the stablllzlng system constructed according to the prin-
| "?"'CIples of the present invention.

FIG. 4 is a diagrammatic end view of the vessel cf
FIG 1 illustrating the operation of one embodrment of
the system of the present invention. -

FIG. 5 is a graph illustrating the magnitude of the,-”’

) ratlo of roll amplitude to wave slope as a function of the

: 'perrod of wave motion for vessels with and w1thcut the

20

system of the present invention.

DESCRIPTION OF THE PREF ERRED
| EMBODIMENTS

- Referrlng now to FIGS. 1 and 2, there is shown a

55

vessel 11 in the form of a barge of the type used in

offshore oil drilling operations. Disposed below the

~ water line 13, on the bottom of barge 11 are two elon-

60
- are used. for the purpose of reducing the rlghtmg mo-

gated tanks 15, 17. Tanks 15, 17 respectively, have bot-

tom portions generally designated at 19, 21 (FIG. 3A).

Bottom portions 19, 21 are preferably substantially open

~ to the sea; however, alternatively the bottom portions
- may be covered by a perforated plate or grating to

65

-provide greater structural strength. The tanks 15, 17

each have a shallow configuration, with larger horizon-
tal dimensions than vertical dimensions. With this ar-

rangement, sea water may fill and drain from the tanks

~ very rapidly. More particularly, the tanks must be con-

ﬁgured SO as to permrt ﬁlhng and draining during time
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perlods which are much shorter than the time reqmred
for the barge to complete one cycle of natural oscilla-
tory roll or pitch motion in a periodic sea.

- With reference to FIG. 2, barge 11 has a longitudinal

axis of symmetry 22. Tanks 15, 17 are diposed symmet-

rically in spaced-apart relation on opposite sides of axis

. 22. Each of the tanks 15, 17 may be divided into a plu-

rality of separate compartments. Tank 15 comprises six

- compartments A, B, C, D, E and F, each isolated from
- the other by intermediate walls represented by dashed

“lines 29. Similarly tank 17 comprises separate compart-

o 4 ,
enters the tank on the depressed side and departs from
the tank on the opposite elevated side. This shift of the
ballast water volumes in the tanks leads to a heeling
torque acting in the same direction as the applied
torque. The required applied torque for a given heelmg
angle is therefore reduced. The restoring torque is in
other words reduced, and the natural perlod of roll

- lengthened.

10

Operation of the system of FIGS 1—3D may be un-

-derstood by reference to FIGS. 3A and 4. As shown in

- FIG. 3A, the tanks 15, 17 of vessel 11 are initially pres-

" ments A’, B', C’, D', E' and F' isolated by walls 31. The -

 compartments are disposed in spaced-apart symmetrical

- pairs on opposite sides of longitudinal axis 22, the pairs
- comprising compartments A and A’', B and B’, etc.
Compartmeutahzatlon of tanks 15, 17 serves to mini-
 mize excitation of waves and undesirable consequent
- wave forces on the free water surfaee contained 1nside
| the tanks. |
-~ Each pair of compartments is coupled by separate
conduit means, generally indicated by dashed outline
pipes 33. Thus, the pair of compartments A, A’ is cou-
pled in a closed pressurized system as shown in FIG. 2.
The other pairs of compartments are similarly sepa-
- rately coupled. A common blower and dueting arrange-

ment (not shown) may be used to supply air pressure to
- all pairs of compartments.
~ Tanks 15, 17 are. coupled together by a conduit 23
- shown diagrammatically in FIG. 3. Conduit 23 is in the
form of a continuous, open pipe providing an air pas-
sageway between the tanks. One end of conduit 23 is
connected through a port to the top surface of tank 15,
~while the other end of conduit 23 is connected through
a port to the top surface of tank 17.

- Means lncludmg an air pump of blower 25 and air

| _'valve 27 are coupled to conduit 23 to provide air pres-
- sure in the' condult and tanks 15, 17. Conduit 23 and
 tanks 15, 17 form a closed system and the air pressure .
- therein may be selected by Opemng valve 27 and operat-
- ing pump 25 until a desired air pressure. is reached.

‘Thereafter, valve 27 is closed. Alternatively, valve 27
~ “may be eliminated or left open and air pump 25 continu-

 ously operated at a selected rate to maintain the desired

air pressure in the system. Preferably the air pressure is
adjusted until sea water is permitted to fill the tanks

- . alternately during oscillatory wave motion, as hereinaf-

ter described.
The desired reduction of the righting moment when
- the vessel is caused to heel is a consequence of sea water
‘entering a tank on one side of the vessel and leaving a
tank on the opposite side of the vessel in approximately
equal quantities as a result of the existence of an open
connecting air-filled duct. Thus, the location and con-
figurations of tanks 15 and 17 may be varied as shown in
FIGS. 3B, 3C and 3D (pump 25 and valve 27 not
shown). FIG. 3B shows the tanks on the bottom but
~within the hull of the vessel. This arrangement may be
preferred for incorporating into new vessels during

. construction. FIG. 3C shows tanks 15 and 17 outside

and at the sides of the hull, at or near the bottom. This,
~as well as the configuration of FIG. 3A may be pre-
ferred for retroﬁttmg existing vessels since the integrity
of the original hull is left essentially unchanged. FIG.
3D shows still another embodiment wherein tanks 15
and 17 are partially inside and partially outside the hull
~ of the vessel, at or near the bottom.
~All four configurations are based on the same generlc
principle that, as the vessel is caused to heel, water

surized by air pump 25 so that sea water fills about

- one-half of each tank in a quiet sea, as indicated by the

15

20

25

30

water surfaces 35. As vessel 11 tends to roll about axis
22 in a clockwise direction, as shown in FIG. 4, tank 17
will fill with water, thus driving air out of tank 17
through conduit 23 and into tank 15. The increasing
volume of air in tank 15 forces water to drain from the
tank and lowers the level of water surface 35 to a new
level 37. During this operation, either valve 27 is closed,

- or valve 27 is open and pump 25 is running to maintain |
constant air pressure in the tanks and conduit. Thus, the

volume of air displaced from tank 17 is transferred to

tank 15. When roll displacement is counterclockwise,

tank 15 is filled and tank 17 1s drained in the same man-'

ner as described above.
The filling of tank 17 with water as the vessel 11 tends

“to roll clockwise has the effect of reducing the righting

moment of the vessel. In other words, the tendency of
the vessel to return to an upright condition after a roll is
commenced will be reduced, thus making the oscilla-
tory roll motion of the vessel more sluggish. The roll

period of the vessel is lengthened. In a typical sea where

the wave motion has a seven second period,:the roll
period of the vessel produced by the system of the pres-
ent invention is preferably lengthened to about twelve

‘seconds. Since the roll period of the vessel is substan- e

tially longer than the period of wave motion, the waves

| have a greatly diminished effect on the vessel.

45
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‘The reduction in righting moment of the vessel in a

quiet sea by the system of the present invention will also

reduce roll torque in a sea having periodic wave mo-.
tion. Tanks 15, 17 are dimensioned such that when air

“has been pumped into them, there is still a positive meta-

centric height, i.e., a positive righting moment. During
operation in a periodie sea, there may be a tendency for
the vessel 11 to overturn if the righting moment is re-
duced too much. This is especially true if the vessel is
subjected to strong winds. A significant safety feature
of the system of the present invention is that the tank
height dimension and initial quiescent water level
within the tank (e.g., tank 17) are selected so that, dur-
ing a very large roli of the vessel, the tank fills com-
pletely. Once the tank is filled, the normal buoyancy
forces on the vessel are restored and the righting mo-
ment increases rapidly as a function of additional angu-
lar roll displacement which prevents eapsmng of the
vessel.

For the tank eenﬁguratlen shown in FIGS. 3C and
3D the open-bottom tanks are external underwater

sponsons. The tanks are pressurized by air, vessel roll-

ing or the incidence of a wave causes the water in the
tanks to rise and fall, the restoring torque (i.e., righting
moment) is reduced and the natural perled of roll
lengthened, as described earlier in this specification. In
these cases, however, torques arising from wave-
induced forces on the wetted tanks topside oppose the
torques generated by wave forces on the hull itself. The



. .

FIG. 5 1llustrates by comparlson the effeet of a re-

.._.jduced rlghtmg moment on vessel 11 produced by the
 system of the present invention. Curve 37 shows the
~ratio.of roll amplitude to wave slope for a vessel which

_is not_stabilized; whereas curve 39 illustrates the roll
L amplltude characteristic for vessel 11 stabilized accord-
~_ing to the principles of the invention. The unstabilized
. ..vessel has a roll amplltude characterlstle with a reso-
~ nant peak at seven seconds. Wave motion in an open sea
... also typically has a seven second period. Thus, without
... stabilization the vessel Wlll have a roll amplitude which
- is at or near the maximum point P of its resonant peak.
. In contrast, the stabilized vessel 11 has a resonant peak
- which occurs at about a twelve second period, which is
S :"f;’substantlal]y longer than the typical seven second wave
o . period in an open sea. Thus, for seven second waves,
 the stabilized vessel will operate at ‘point S on curve 39,

and the roll amplltude will be reduced to less than one-

SR ;._-31xth of what it was in the unstabilized vessel.
" Vessel 111 is a barge about 375 feet long. 'Each of the_
o tanks 15, 17 is about 275 feet long and divided into
. several compartments of equal size. The width of each
- tank is 10 to 12 feet and its height is 6 to 7 feet. The
© - conduits 23 whlch connect the compartments of the |
SE 'jtanks are each about 3 to 4 feet in diameter.
Although vessel 11 is shown as a barge, other types of

- R ';; :::vessels may be stabilized utilizing the principles of the
i ..present invention. For example, the stabilization system

' 'may be applied to triangular or rectangular shaped

_]ack-up oil’ drlllmg rigs. The tanks may. be symmetri-

 cally dlsposed with respect to the geometric center of

o :: ;..,_.'j,_tthe vessel e.g., at the vertices of a tnangulal‘ shaped rig-

S - or at the corners of a rectangular rig. In order to stabi-.
o 73 _llze agamst bOth roll and pltch al] tanks may be coupled

4 366 766

S Enet result is a_reduction of the total wave-mduced_ .
L, ;Itorques on the vesse] Just as fer the mternal tank conﬁg-
o :uration |

6

in common through conduits to a source of air pressure
With this arrangement both roll and pitch rlghtlng mo-

ments are reduced. -

I claim:
1A passwe methed for stablhzlng a seagoing vessel

~ during repetitive cycles of oscillatory motion by reduc-

10

‘ing the righting moment of said vessel and lengthening
“the period of oscillation of said vessel beyond the wave
.period of the sea, said vessel having at least two tanks
“disposed on opposite sides of an axis of symmetry of said

vessel below the water line, the method comprlslng the

- steps of:

15

interconnecting said two tanks with conduit means to
provide a eontmueusly open air passageway therebe-
tween,;

eontmuously filling one of the said tanks to a first water
level in phase with the travel of said tank into the sea
during a cycle of oscillatory vessel motion; and

~ simultaneously continuously dralmng the other of said

20

‘tanks to a second water level in response to the filling
of said one tank during the same cycle of oscillatory

- vessel motion by directing air forced out of said tank

25

30 .

being filled into said other tank through said conduit
Means;

~said step of continuously ﬁlllng one of said tanks includ-

1ng the step of completely filling said one of said tanks

in response to predetermmed angular displacement of

the vessel about its axis of symmetry for rapidly in-
- creasing the righting moment thereof as a function of
- additional angular displacement to prevent capsizing -
 of the vessel when the tank is completely filled.

2. The method of claim 1 further including the step of

-  pressurizing said two tanks and said conduit means with

35

‘a predetermined air pressure to select said first and
second water levels 1n said tanks during the filling and

) dralnlng steps reSpectlvely

% ¥ %k Xk %
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